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Abstract 


Holstein bulls and steers were fed rations containing 8.95, 12.99 
and 17.02 percent crude protein. The levels were achieved by substit- 
uting soybean meal for barley in all-concentrate rations. Each ration 
was fed at a low, medium or high energy level. The different energy 
levels were obtained by adjusting the feed intake based on animal metabolic 
weight. The low, medium and high protein diets supplied 8.26, 11.99 and 
15.71 grams of crude protein per unit metabolic weignt per day, respect- 
ively, while the low, medium and high energy levels provided 318, 358 
and 398 kcal gross energy per unit metabolic weight per day, respect- 
ively. The average initial weight of the animals was 170 kg and the 
average Slaughter weight was 292 kg. 

Average daily gains of the animals fed the low, medium and hign pro- 
tein rations were 0.87, 1.18 and 1.26 kg per day, respectively. Average 
daily gains of the animals fed the low, medium and high energy diets 
were 0.87, 1.15 and 1.32 kg per day; respectively. At the low protein 
level, high energy intake did not improve gains over the medium level of 
energy. At the low energy level, high protein intake did not improve 
gains over the medium level of protein. Bulls had a higher daily gain 
than steers. 

Animals fed the low energy diets used 13 percent more gross energy 
per kg gain than animals fed the medium and high energy diets. Animals 
fed the low protein diets used 25 more percent gross energy per kg gain 
than animals fed the medium and high protein rations. 

The apparent digestibility of dry matter and gross energy were not 
affected by changes in the levels of dietary protein or energy intake 


in this experiment. The apparent digestibility of crude protein was in- 
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creased when the protein level of the diet was raised. 

The average apparent nitrogen retention of animals fed low, medium 
and high protein rations were 30, 53 and 95 grams per day, respectively. 
Animals fed the low, medium and high energy diets had average apparent 
nitrogen retentions of 41, 63 and 76 grams per day, respectively.  In- 
creasing the energy level increased the response to additional dietary 
protein. Also, increasing the dietary protein consumption increased the 
response to additional energy intake. The percent of apparent digestible 
nitrogen which was retained by the animals was increased by increasing 
the energy intake in animals fed the low and medium protein diets. The 
percent of apparent digestible nitrogen retained did not increase with 
increasing energy intake in animals fed the high protein ration. 

Indices of separable carcass fat and lean showed that increasing 
the energy intake increased the percent of separable carcass fat. This 
trend was more pronounced in animals fed the low protein diet than in 
animals receiving the medium and high protein rations. The percent of 
separable carcass lean increased with increasing dietary protein intake. 
This trend was more evident in animals fed medium and high energy diets 
than in those receiving low energy diets. Carcasses from bulls contained 


less separable fat and more separable lean than carcasses from steers. 
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Introduction 


Protein and energy are the most costly components to supply in the 
ruminant diet. Although it has long been recognized that the level of 
energy in the diet affects the protein requirements for poultry and swine, 
there has been relatively little work done on thesetfect! of energy tevel 
on the protein requirements of ruminants. 

Within limits poultry and swine tend to consume feed of different 
nutritive values in amounts which maintain a constant intake of metabol- 
izable energy. Thus, by relating the level of dietary nutrients to the 
metabolizable energy of the feed rather than to feed weight, the daily 
intake of nutrients will remain constant over a wide range of feeds with 
different nutritive values. A further benefit is seen in that the dietary 
nutrients will be locked in balance with metabolizable energy. Ruminants, 
however, do not consume feed to maintain a constant metabolizable energy 
intake. With ruminant rations, the level of dietary nutrients are ad- 
justed to the feed weight, keeping in mind the estimated or recommended 
feeding level. The level of dietary nutrients are not locked to the 
metabolizable energy intake with the result that the ratios of dietary 
nutrients to metabolizable energy may vary widely over a range of feeds 
with different nutritive values. The level of production which might be 
expected from these various balances of nutrients with respect to energy 
intake are not well defined. 

The action of the rumen microflora on the ruminant's supply of die- 
tary nutrients complicates the study of relative protein and energy 
needs. Estimates of the relative levels of protein and energy in the 
carcasses of ruminant animals or the relative level of protein and 


energy required for the metabolic activities of the ruminant do not 
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necessarily provide good estimates of the ratio of protein to energy re- 
quired in the ruminant diet. The relative requirements of protein and 
energy for the host animal may not match the rumen microflora's relative 
needs of these nutrients which will enable it, in turn, to supply the 
host with optimum levels. 

A further complication arises from the many possibilities as to 
what may constitute optimum. Certainly, the relative costs of inputs 
and how they affect the value and quantity of the product must be con- 
Sidered in establishing optimum levels. The same daily weight gains 
may be attained by feeding several different combinations of dietary 
protein and energy. The composition of these gains, however, may vary 
widely with respect to carcass fat and lean. 

This experiment was conducted to study the effects of feeding diets 
containing different protein-to-energy ratios at different levels of 
energy intake. The effects of these diets and energy levels on daily 
gain, efficiency of feed utilization, nutrient digestibility and carcass 


composition were investigated. 
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Review of Literature 


Nutritive Ratios and their Relationship to Energy 


An important concept in nutrition concerns the balance or relative 
proportion of nutrients in the diet. As any nutrient which is already 
adequate in the diet increases relative to other essential nutrients, 
the efficiency of its utilization decreases and its cost is greater in 
relation to the product produced. If any nutrient is deficient in the 
diet, other nutrients are present in a relative excess and are used with 
less than maximum efficiency. Therefore, the efficiency with which an 
animal can utilize its feed a be affected by a comparative excess or 
deficiency of one nutrient relative to another in the diet. 

Energy intake appears to determine the requirements for most nutri- 
ents compatable with maximal efficiency of utilization of the diet for 
maintenance and production. Kleiber (1945) stated that "a ration is 
deficient in any food constituent whose addition increases the total 
efficiency of energy utilization". Crampton (1964) concluded "there is 
a sound biological basis for considering caloric intake as the fundamental 
basis for the requirement of most of the known essential nutrients". Thus, 
energy intake was the basis for the need for all other nutrients. 

Guilbert and Loosli (1951) used National Academy of Sciences - National 
Research Council (NAS - NRC) standards to calculate the daily requirements 
of digestible crude protein, calcium, phosphorus, carotene, vitamin A, 
vitamin D, thiamin, riboflavin, niacin and pantothenic acid per unit of 
Total Digestible Nutrients (TDN) consumed. Requirements for these nutri- 
ents, per unit of TDN intake, were similar for several species of farm 
animals at an equivalent physiological age. 


In general, monogastric animals eat to satisfy their need for energy. 
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Maynard and Loosli (1969) stated that "the largest purpose which food 
serves is the production of energy for body purposes". Thus nutrient 
levels based on the energy content rather than the weight of the ration 
have the advantage of being adjusted in accordance with the work load 


required to metabolize the energy consumed. 


Protein to Energy Nutritive Ratio 


Protein and energy appear to be the most significant dietary essen- 
tials with respect to nutrition and economics. Davidson (1961) indicated 
_ that the provision of protein and energy in the diet could account for 
about 90 percent of the cost of the diet. It was essential, therefore, 
to make the best possible use of both the protein and energy by insur- 
ing that the amounts provided were optimal in the diet. 

Protein and energy requirements of domestic animals are interde- 
pendent. Changes in the protein:energy ratio in the diet affect animal 
performance sooner than do changes in most other nutrient ratios. This 
resulted in early recognition of the importance of the proper balance 
between protein and energy. Henry (1904) used the term nutritive ratio 
to describe the ratio of digestible protein to digestible carbohydrate 
and fat in the diet. 

Crampton (1964) noted that the proportion of protein to energy in 
rations had undergone little modification since the first feeding stan- 
dards were established. Guilbert and Loosli (1951) compared protein: 
energy ratios in rations recommended for growing cattle, sheep and swine 
at comparable physiological ages. The ratios showed a common pattern of 
declining need for protein relative to energy as adult weight was appro- 
ached. In a comparison of the protein requirements for maintenance of 


adult ruminants and swine, Crampton (1965) found the digestible protein 


ie oy = 7 : Se 
‘ 


ae + tae 
hotswe oft he pee or joedinan viriene 3 
baat shyow arth (it Fy a miei - pig aus 


” ) 


, 
; Ps 
=) ’ + 
F | 


neves cietsth. she ltinper 200 of pd-ot “nsqna even’ bre ntstor4 rs 
hatsofhat (Tar) weabived 2p rmNOSH Gris nott iatn of Joaqeer twee att 
+o} tryoges bho geho Sak We yar ats bas riugiong Fe noletvery sat oat 
swrorett ,ersneees Jaw #2 (2576, Std *o 7 » HY to hated | oe | 
rant ye aetna be nFaaON oft Wed ta Si poy Seed sith. 3 


Fath wilt ot Tentege: sehen einyome 31g tit 


-Srsdnt sip hentia ot cemeb. to 2S em vewe bis nt 


> Sante Jo07 te FSR, Sag. TF i ‘\aprane ai showy” ott WF Zepitet! 6. 3M 
nit «. 2ohean ctnehrdun este $2000 TY 2anmpiio & weil? +an00e 
sonated nsqovg She Vo sashes Gant ent. Ag fo Rt Hiyoosy gives at bay 
obhick” av hd Prin areed SP Bee (heh)! oan artes bes nistovy-« 
seibywewms steptesp ib a sii all ot duouaene 46 other off adr ‘a 7 
4 : sfeth oat af ira 
wl wrses ot nfotote Jodotinegeie ant tear baton (pet) nosy, bake 
nade watbest “vevite sith ogntz nates) tbe ater ht omopistimi bed « ott i 
Pow nasagos (peer). Hepes bow devant Wu sbaterfdat 20 
aitwe bre gevde . sks Qulvety sor Bas aati: siete: nt Pe ye 
16 mr9i4tq comms eibaieife acta aan | Te f ; ne. 
args 200 Sigtaa a fits " nas 


to ‘oansiredyt ai Oy. 2 sill v4 a yA a Siaeane ‘ 7 
vv - iy 
: i oe : haath: : 


i 
- = 
- A ray pA vy - 7 ; 


25s 


required per 1000 kcal metabolizable energy (ME) was essentially inde- 
pendent of adult weight or species and averaged about 25 g per 1000 kcal 
ME. In dairy cows, the variation in the requirement for digestible pro- 
tein per 1000 kcal ME due to cow size, percent fat in milk or pounds of 
milk produced by pregnant and/or lactating cows, did not exceed 0.7 per- 
centage units. 

Thus it appears that the ratio of digestible protein to digestible 
energy is Similar for adult animals of varying size and species. How- 
ever, the ratio is affected by physiological age of the animal, reflect- 


ing the variation in protein content of the product produced. 


Effect of Protein and Energy Intake on Nitrogen Retention 

It has been known for some time that withdrawal of some of the car- 
bohydrate or fat from a balanced diet results in an increase in nitrogen 
excreted in the urine (Werner, 1948). Also, the addition of carbohydrate 
or fat to diets deficient in energy results in an improvement in nitro- 
gen retention. It has also been shown that addition of energy-yielding 
nutrients to a diet already adequate in energy results in a considerable 
increase in nitrogen retention (Munro, 1951). The response of nitrogen 
retention to increased energy intake is linear and in the order of ap- 
proximately 2 mg nitrogen per kcal of sdded energy (Rosenthal and Allison, 
1956). This linear response occurs over a wide range of energy levels 
for diets adequate in protein. 

The literature reviewed by Munro (1964) indicated a curvilinear 
relationship for nitrogen retention in response to additional energy at 
high levels of energy intake. The response, however, became linear again 
with increased protein in the diet. Munro concluded that insufficient 


dietary protein may set an upper limit on the response of nitrogen re- 
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tention to energy intake. 

The question arises whether the level of energy intake influences 
the ability of the animal to respond to increments of additional protein. 
The response of nitrogen retention to added protein in the diet is not 
affected by a wide range of energy intake (Allison and Anderson, 1945). There 
does appear to be a threshold of energy below which the utilization of 
higher levels ae protein is inhibited (Rosenthal, 1952). 

Munro (1964) summarized the observed effects of the interrelation- 
Ship between protein and energy intake on nitrogen retention. He con- 
cluded that nitrogen balance was improved by either an increase in energy 
intake or an increase in protein intake. However, the increase in nit- 
rogen retention caused by increased energy intake was modified or pre- 
vented by inadequate protein intake. Conversely, an increase in pro- 
tein intake might not be fully effective in inducing increased nitrogen 


retention because of insufficient energy in the diet. 


Effect of Protein Intake on Metabolism 

Increased nitrogen retention caused by addition of protein to the 
diet affects protein metabolism through its influence on the Tapia pro- 
tein stores of the body. Munro (1964) pointed out that an increase in - 
protein consumption caused an immediate deposition of labile protein 
limited to about 5 percent of the total body protein. The labile body 
protein gained as a result of increased protein intake was rapidly lost 
when protein intake was decreased. | 

The labile protein reserve undergoes rapid exchange with the amino 
acid pool (McFarlane, 1964). In his review, Munro (1964) concluded that 
the accumulation of labile protein coincided with flooding of the liver 


with amino acids absorbed from the intestines. Thus, deposition of 
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labile protein played a part in the retention of amino acids during their 
absorption. The subsequent breakdown of labile protein released amino 
acids during the postabsorptive period. This provided a mechanism for 


maintaining blood amino acid levels between meals. 


Effect of Energy Intake on Protein Metabolism 

The mode of action of energy intake on protein metabolism was dis- 
cussed in a review by Munro (1951). At least two mechanisms for sparing 
protein were distinguishable. One mechanism by which carbohydrate and 
fat could influence protein metabolism was through their energy yield- 
ing properties. However carbohydrate also played a specific role in 
protein metabolism not shared by fat and related to properties apart 
from its energy yielding effects. 

The action of energy on protein metabolism is not limited to a short 
period of time after the energy is consumed (Munro, 1954). One 
or two days may elapse before the energy exerts its full effect on nit- 
rogen balance. Further, the advantageous effects of additional energy 
on nitrogen balance may occur apart from the consumption of dietary pro- 
tein. Energy intake exerts its effect on amino acid utilization during 
the postabsorptive phase and does not influence the capacity of the body 
to use amino acids during the period of absorption. Very little of the 
nitrogen retention caused by increasing the energy content of the diet 
is lost when caloric intake is diminished (Plough et al., 1956). Con- 
sequently, the nitrogen retention caused by additional energy is diff- 
erent from that induced by additional protein in that the nitrogen re- 
tained as a Peatitt of energy intake is stored in a non-labile form. 

The protein sparing affect of carbohydrate, apart from its energy 


yielding properties, occurs for a short time and only when ingested with 
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protein (Marfatia and Screenivasan, 1960). Munro (1964) concluded that this pro- 
tein-sparing effect of carbohydrate was dependent on insulin secretion 

which, with carbohydrate, caused free amino acids to be removed from cir- 
culation and deposited in the muscle tissue in the form of labile protein. 
Because the amino acid supply to other tissues was curtailed, urea pro- 

duction in the liver was diminished. 

West et al. (1966) discussed the molecular aspects of the protein- 
Sparing action of carbohydrates. They stated that much of the benefic- 
ial effect of carbohydrate was due to its action in increasing the supply 
of tri-carboxylic acid cycle members which may be aminated and converted 
to amino acids in the liver, thereby keeping more of the metabolic nit- 
rogen tied up and preventing its excretion as urea. This had an addit- 
ional benefit to the animal aside from sparing protein. The energy re- 
quired for the formation of urea from ammonia (4 high-energy phosphate 
bonds or 35 to 40 kcal per mole of urea formed (Krebs, 1964)) was spared 


for other metabolic uses. 


The Interrelationship Between Protein and Energy in Ruminants 


The interrelationship between protein and energy becomes more com- 
plex in the ruminant than in monogastric species. Protein and energy 
as Supplied in the diet are modified by the action of the rumen micro- 
flora and reach the ruminant host in altered forms. The optimal levels 
of protein and energy in ruminant diets must be those which in turn en- 
able the rumen microflora to provide the host with the best protein-to- 
energy ratio. 

Several complications arise due to the rumen microflora-host sym- 
biosis. One results from the differences in metabolites provided by 


the diet (Munro, 1951). The high levels of volatile fatty acids com- 
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bined with high levels of ammonia and blood urea might be expected to 
shift the optimal protein-to-energy ratio or alter the mechanisms for 
their interaction. 

A second complication arises from the anaerobic nature of the met- 
abolism of the rumen microflora. Hungate (1966) reported that anaerobes 
could synthesize about 10 percent of a carbohydrate substrate into pro- 
toplasm as compared to 60 to 70 percent for aerobes. The carbohydrate 
which was not synthesized into microbial material was catabolized into 
a variety of by-products. In the case of the rumen fermentative process, 
a large portion of these by-products were in the form of volatile fatty 
acids which the ruminant could use in its metabolic processes. This 
energy supply, combined with the higher efficiency of energy utilization 
for the aerobic host, provided the potential for greater synthesis of 
protein. However, the aerobic host's protein supply was largely depen- 
dent on the amount of protein that could be synthesized from the anaer- 
obic microbial metabolism. Thus, the ruminant might be in a chronic pro- 
tein deficient state relative to its energy supply. 

The dynamic nature of the rumen microflora also complicates the in- 
terrelationship between protein and energy in the ruminant. The expon- 
ential aspect of the growth of a population of organisms results in diff- 
erent requirements than the maintenance of growth of a single organism 
(Stanier et al., 1970). Sufficient energy must be provided to keep microbial 
growth expanding at a fast enough rate to utilize the nitrogen liberated. 
If microbial growth is too rapid, enhanced protein decomposition in the 
rumen and the resulting build up of ammonia may result in a loss of 
nitrogen from the body as was shown by Tagari et al. (1964). A deli- 
cate balance exists between two opposing processes; the rate of liber- 


ation of ammonia in the rumen and its subsequent synthesis into micro- 
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bial protein or its excretion as urea in the urine. The extent of each 
process depends on the relative amounts of protein and energy in the diet 
and the conditions prevailing in the rumen (Tillman and Sidhu, 1969). 

Several authors Bailey and Broster, 1957; Kay et al., 1968; Robertson 
et al., 1970; Tagari et al., 1964) have studied the effects of feeding 
different levels of protein in isocaloric rations. They found a curvi- 
linear response in the rate of gain to increasing protein levels. Balch 
(1967) maintained that as long as the diet was low or lacking in protein, 
increasing protein levels would result in a linear increase in gain and 
maximum nitrogen retention. If dietary protein was in excess in relation 
to energy, increases in protein might result in increases in gain and 
nitrogen retention but at a lower rate than if energy were not limiting 
(Stobo et al., 1967). Balch (1967) stated that the curvilinear response 
to increasing protein resulted from its utilization as an energy source. 

Tagari et al. (1964) found that an increase in protein above the 
recommended levels in rations for sheep resulted in an increased liber- 
ation of ammonia. They demonstrated a high correlation between rumen 
ammonia concentrations, blood urea levels and the excretion of urinary 
nitrogen. Isocaloric replacement of some of the roughage carbohydrate 
with starch resulted in an increase in the rate of ammonia liberation 
in the rumen and a subsequent impairment of protein utilization. They 
concluded that the starch increased the deamination potential of the 
rumen, probably due to an increase in the rumen proteolytic activity. 
Most of the resulting excess ammonia produced was excreted as urea. 

The accumulation of rumen ammonia may be reduced by providing great- 
er energy ana (Nicholson and Sutton, 1969). Packett and Groves (1965) 
Showed that the urea pool of sheep consistently decreased during the 


feeding period. They suggested that an energy source for rumen micro- 
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organisms stimulated ammonia uptake for microbial protein synthesis and 
resulted in a net transfer of endogenous urea nitrogen to the rumen. 
The increase in the urea pool during fasting reflected a decrease in 
microbial protein synthesis due to the absence of a readily available 
energy source in the rumen. 

In some instances, an accumulation of rumen afitionda tay result in 
an increase in nitrogen retention. Several authors have reported ano- 
malies in the correlation between rumen ammonia, blood urea and nitro- 
gen loss as reported by Tagari et al. (1964). Hogan (1961) showed that 
a decrease in rumen pH restricted the absorption of ammonia from the 
rumen, thus allowing greater concentration of rumen ammonia without a 
concomitant nitrogen loss. In a review of nitrogen utilization by the 
ruminant, Waldo (1968) stated that the permeability of the rumen wal] 
to ammonia was inversely related to urine flow. Increased retention of 
ammonia in the rumen resulted in greater protein synthesis and cellulose 
digestion due to a more active microbial population (Moir and Harris, 
1962). 

Broster et al. (1969) studied the effects of energy intake on the 
utilization of protein in growth and lactation. They concluded that 
the protein requirements for a’ given rate of production depended on the 
energy intake. Elliott et al. (1964) reached a similar conclusion from 
the results of feeding trials, using three levels of digestible crude 
protein fed at three energy levels. They found that rate of gain showed 
a greater response to increasing protein at the higher levels of energy 
intake. They concluded that protein requirements could be defined only 
when the amounts of digestible energy consumed were Known. 

Stobo et al. (1967) studied the effects of protein and energy in- 


take on weight gain in young calves. Their study indicated tnat at a 
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given protein intake, different growth rates could be obtained depending 

on the energy intake. If protein was increased with no increase in energy, 
growth rate continued to rise but with diminishing response per unit of 
extra protein. If energy was increased, however, the response to extra 
units of protein did not decrease. 

Clanton et al. (1965) studied the effects of supplementing diets for 
range cattle with protein and energy. They indicated that when protein 
was limiting there was no advantage in supplying additional energy with- 
out increasing the protein intake. When energy was limiting, increasing 
energy intake was more effective in increasing nitrogen retention than in- 
creasing ae intake. 

Gordon and Forbes (1970) studied the associative effects of the 
level of energy and protein intake with the dairy cow. There was a 
greater partitioning of additional energy toward milk energy output 
with a high protein level than with a low protein level. They found the 
efficiencies of utilization of metabolizable energy for milk output to be 
63 percent and 50 percent for the high and low protein diets, respectively. 
These workers concluded "the milk yield at any level of energy intake, 
and the response in milk yield and composition to changes in energy in- 
take, depend upon the level of protein intake". 

Andrews and Orskov (1970a) studied the influence of protein concen- 
tration of the diet and feeding level on the rate of liveweight gain of 
early-weaned lambs. They found highly significant interactions between 
the effects of feeding level and protein concentration. Growth rates 
showed a greater response to higher protein concentration as the feed- 
ing level increased. They suggested that over the range of 16 to 40 kg 
body weight, optimum growth rate occurred with 17, 15 and 11 percent 
dietary crude protein levels when digestible energy intakes were 3.0, 


2.6 and 2.1 Mcal per day, respectively. 
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Norton et al. (1970) studied the effects of protein and energy in- 
take on the composition of liveweight gain of lambs. They reported a 
decrease in fat content of empty body weight and an increase in water 
and protein content as the dietary protein concentration increased. 
Andrews and Orskov (1970b) found a linear increase in fat and nitrogen 
deposition in lambs with increasing feeding level. In lambs slaughter- 
edvat-c/.o Kg there were laneamaincreases in?the rate of protein deposi- 
tion and decreases in fat deposition with increases in the concentration 
of crude protein in the diet. This effect was particularly marked at 
the high level of feed intake. In lambs slaughtered at 40 kg, the 
effect of increasing dietary protein concentration on protein deposi- 


tion was curvilinear. 
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Experiments at the University of Alberta 


Experiments were conducted to study the effects of feeding rations 
with different protein to energy ratios at different energy levels. The 
parameters investigated included growth, feed utilization and carcass 


composition of Holstein bulls and steers. 


Experimental 


Eighteen Holstein bulls and nine Holstein steers were purchased at 
the Edmonton Public Stock Yards in April 1970. Their weight ranged from 
90 to 240 kg with an average weight of 170 kg. One heavy bull, one 
light bull and one steer were randomly assigned to each of nine treat- 
ment combinations. The animals were tied in individual stalls at the 
Dairy Cattle Research Unit, The University of Alberta, Edmonton Research 
Station. 

All animals were weighed individually between 9 A.M. and 10 A.M. 
each Wednesday after being without water for at least 3 hours and before 


receiving their morning feed. | 


Rations and Feeding 


Three isocaloric rations were formulated foacontain low (7.95%), 
medium (11.95%) and high (15.95%) levels of digestible crude protein, 
using average values for the feeds in NRC (1970) tables. These rations 
contained 8.95, 12.99 and 17.02 percent crude protein by analysis (Table 1). 
Each ration was fed at a high, medium or low level of energy based on 
animal metabolic weight (Wy 3/4). The three energy levels chosen were 
those which would produce daily gains of 0.8, 1.0 and 1.2 kg per day 
based on the equation of Garrett et al. (1959). This equation, DE = 
74.5 W3/4 (1.0 + 0.59 g) (where DE = digestible energy, W = weight in 
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Table 1 


Formulation of experimental rations 


Ingredients (kg) Low 
Barley 90.0 
Soybean meal 0.0 
Beet pulp 8.5 
Limes tone 1.0 
Cobaltized-iodized salt 0.5 
Vitamin A, D and E mix? 0.09 
TOTAL 100.0 
Analysis (on as-fed basis) 

Dry matter (%) 86 .50 
Crude protein (4) 8.95 
Gross energy (Mcal/kg) 3.84 


Vitamin A, D and E mix: vitamin A - 10,000 I.U./g; 


Fe USY oS vittamine E =) 100% ISUt/g. 


Protein level 
Medium 
13.5 
ee 

8.5 

120 
0.5 
0.09 
100 .0 


86 . 80 
2599 
3.87 


Hig 


67.0 
23.0 
8.5 
1.0 
0.5 
0.09 
100 .0 


87.10 
17.02 
Sue 


vitamin D - 1,000 
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pounds and g = daily gain in pounds), resulted in energy levels of 318, 
358 an 398 kcal gross energy per day per unit of metabolic weight. The 
daily allotment of crude protein and gross energy fed to the nine treat- 
ment groups per unit metabolic weight is shown in Table 2. 

Feeding levels were adjusted each Wednesday based on the weekly 
weight of the animal. The animals were fed twice daily at 9 A.M. and 
3 P.M. Water and mineral mixture of 50 percent cobaltized-iodized salt 


and 50 percent calcium phosphate were available free-choice. 


Metabolism Studies 

Metabolism studies were conducted on each of the 27 experimental 
animals between 50 and 70 days after the start of the feeding trial. 
The metabolism trials were carried out in three sections. Nine animals, 
one from each treatment group, were used in each section. Heavy bulls, 
light bulls and steers were on trial in that order. A 4-day adjustment 
period preceded the 5-day collection period. The animals on trial were 
not weighed and their level of feed was not adjusted during the metabol- 
sie crials 

Total feces and urine were collected from each animal during the 
5-day collection period. Urine collection funnels were constructed site 
ae to those described by Kehoe (1969). The urine was collected through 
the rubber funnel held in place with a harness and panvoved to 10-liter 
nalgene carboys which were suspended in the gutter. Urine output was 
measured at 12 hour intervals. At each measurement total volume was 
recorded and 5 percent was retained. These samples were stored in 
1-liter nalgene bottles with 5 ml of 50 percent (v/v) sulfuric acid. 
The ten urine samples from each animal were mixed and stored at 4 C 


for future analysis. 
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Protein and energy intake per unit metabolic weight 


# 
; Protein level 
Feeding level Tow medium ~~+high 
Protein intake (grams/kg W3/4/day) 
average 
low ipa 10.64 13.94 10.63 
medi um 8.26 L939 Ioan 11.98 
high 9.20 13.35 17.49 13.35 
average 8.26 11.99 el P1298 
Energy intake (kcal/kg W3/4/day) 
low 315 StF 320 318 
medium She) Shey 361 358 
high 395 398 402 398 


average 35D 357 361 SOT 
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Fecal collection bags were similar to those described by Noller 
et al. (1959). Six-mil polyethylene bags, 85 cm by 40 cm, were 
prepared as shown in Figure 1. The bag was fastened over the animal's 
back to the urine collection harness by means of a nylon cord threaded 
through 2 grommets placed in the top of the bag. The front opening of 
the bag was held against the animal by nylon cords taped around the open- 
ing and tied between the legs to the urine collection harness. The bag 
was reinforced with polyethylene tape around the tail opening and at the 
grommets. These bags could hold about 7 kg of feces and could be used 
several times. 

Fecal output was measured over 18 hour intervals. At each measure- 
ment total weight was recorded and 5 percent was retained and frozen. 
The fecal samples from each animal were mixed and stored in polyethylene 
bags at -5 C for subsequent analysis. | 

On each day of the metabolism trial, feed samples were taken from 
each of the three rations. The five samples from each ration were mixed 
and stored in polyethylene bags for subsequent analysis. This procedure 
was repeated for each section of the metabolism trial. Thus there were 
three separate samples for each satan are from each metabolism trial 


conducted. 


Slaughter Data and Carcass Measurements 

The animals were slaughtered after they had gained 75 to 150 kg. 
They were weighed at the Dairy Cattle Research Unit before being truck- 
ed to Gainers Packing Plant for slaughter. Feed and water were withheld 
for a 12-hour period before weighing. The viscera and ieee organs were 
examined at slaughter and abnormalities recorded. Kidney fat was re- 


moved from the left half of the carcass and weighed. Warm carcass weight 
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was recorded. The carcasses were graded by Canada Department of Agri- 
culture standards 24 hours after slaughter. The cross-sectional area 
of the longissimus dorsi muscle and the fat thickness was measured be- 
tween the 11th and 12th ribs. The 9-10-11 rib section was removed from 


the right half of the carcass, weighed and frozen for future analysis. 


Analytical Procedures 

Fecal samples were dried in a forced-draught oven at 70 C for 48 
hours and pulverized in a Waring blender. Feed samples were ground in 
a laboratory mill. Dry matter and nitrogen in feed and fecal samples 
and nitrogen in urine samples were determined by AOAC (1965) methods. 
Dry matter in urine was determined by freeze-drying. Gross energy in 
feed, feces and freeze-dried urine was determined in a Parr Oxygen 
Bomb Calorimeter. 

The tenth rib was dissected from the 9-10-11 rib section by cut- 
ting on lines crowding the 9th and 11th ribs. The end of the tenth 
rib joint was discarded at a distance proportional to the width of the 
rib section along the halved vertebra as shown in Figure 2. The re- 
mainder of the 10th rib section was divided into separable fat, lean 
and bone. Dry matter content of the separable fat and lean was deter- 
mined by freeze-drying. Ether extract of the separable lean was deter- 
mined with a Goldfisch fat extraction apparatus. Nitrogen was deter- 
mined on the residue by AOAC (1965) methods. 

The data were statistically analyzed by analysis of variance on 
an IBM 360 computer in the Department of Computing Science, University 
of Alberta. The analysis of variance program (number CSO17) designed 
by Harley (1962) was obtained from the University of Alberta, Depart- 


ment of Computing Science Program Library. Duncan's new multiple range 
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test (Steel and Torrie, 1960) was used to compare differences between 
means. 
Analysis of variance tables listing the source of variation, degrees 


of freedom, sums of squares and mean squares are recorded in the appendix. 
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Results and Discussion 


Average Daily Gain 
Animals fed 318, 358 and 398 kcal gross energy per unit metabolic 


weight per day (low, medium and high energy levels) gained an average 
of 0.84, 1.15 and 1.32 kg per day, respectively (Table 3). Those re- 
ceiving the low energy diet gained significantly less (P < 0.01) than 
the animals fed the medium level of energy. Animals fed the medium 
level of energy gained significantly less (P < 0.01) than animals re- 
ceiving the high energy diet. The daily gains compared favorably with 
the anticipated gains Of 0.80, 1.00 and 1.20 kg per day for low, medium 
and high energy, respectively, based on the equation of Garrett et al. 
(1959). 

The response in daily gain to increased energy intake was not linear. 
An increase in energy intake from 318 to 358 kcal gross energy per unit 
metabolic weignt per day increased the average daily gain by 0.31 kg 
per day. A further increase in energy of 40 kcal/W3/4/day increased 
daily gains only 0.17 kg on the average. 

Animals on the low (8.95%), medium (12.99%) and high (17.02%) crude 
protein diets gained an average of 0.87, 1.18 and 1.26 kg per day, res- 
pectively (Table 3). The animals receiving the low protein diet gained 
significantly less (P < 0.01) than those fed the medium or high protein 
diets. 

The response in increase in daily gain to increasing protein intake 
was not linear. An increase in crude protein intake from 8.26 to 11.99 
grams per unit metabolic weight per day increased the average daily gain 
by 0.31 kg per day, as compared to an increase in gain of 0.08 kg per 
day resulting from a further increase of 3.73 grams crude protein per 


unit metabolic weight per day. 
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Table 3 


Average weight gain and feed utilization 


Dietary crude protein level (%) 
Energy level BL95 12.99 17.02 


Average daily gain (kg) 


average 
low | 0.63 0.94 0.95 0.84) 
medium ORs heZ0 eoZ 115 
high — 1.04 1.40 1.52 Testes 
average 0.87? Tera? 1.25° 

Average dry matter intake (kg) per kg gain 

average 
low 5.4 4.4 4.2 Ante 
medium 4.7 Ba/ 3.6 4.0 b 
high 4,7 4.0 Oa 4.] 
average | 4.9 3 4.0 : oie: : 

Average gross energy intake (Mcal) per kg gain 

average 
low 23.9 19.4 18.8 20.7 5 
medium 21.4 16.6 Newer 18.1 B 
high 21.0 16.5 18.0 18.5 
average a6 3 18.0 nase 

Average crude protein intake (g) per kg gain 

average 
low 588 651 816 675 
medium 489 559 705 585 B 
high 490 605 719 605 
average av ae Ais 747 © 


abc means in the same group which are followed by a common superscript 
are not significantly different (P < 0.01). 

hae means in the same group which are followed by a common superscript 
are not significantly different (P < 0.05). 
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Kay et al. (1968) fed all-concentrate rations containing 11, 14 and 
17 percent crude protein to Friesian steers on an ad libitum basis. The 
steers in the 150 to 200 kg weight range gained 0.85, 1.08 and Vel2okg 
per day on the low, medium and high protein diets, respectively. These. 
weight gains and the pattern of response to increasing dietary protein 
levels were very similar to the results obtained in the present study. 

The animals with medium and high energy intake showed a greater res- 
ponse to the high protein level than the animals with low energy intake 
(Figure 3). Similarly, animals in the medium and high protein groups show- 
ed a greater response to high energy intake than the animals in the low 
protein group. The interaction of protein and energy on average daily 
gain was not statistically significant (P < 0.05). 

The relationship between protein and energy intake on liveweight gain 
found in this experiment was similar to that reported elsewhere. In ex- 
periments with African breeds of cattle fed at near maintenance levels, 
Elliott et al. (1964) found that increasing the protein level without 
increasing energy intake resulted in an increased loss in weight gain of 
animals fed below the maintenance level. With animals fed at different 
levels above maintenance, however, increasing protein resulted in an in- 
creased rate of gain. The increased daily gain due to higher protein 
levels was greater at the higher energy levels. Broster et al. (1969) 
and Stobo et al. (1967) found that if protein intake was increased with- 
out increasing energy intake, rate of gain increased but with diminishing 
response per unit of additional protein. 

Heavy bulls, light bulls and steers gained 1.30, 1.15 and 0.86 kg 
per day, respectively. The steers gained significantly less (P < 0.01) 
than the two classes of bulls. The interactions of — on protein level 


and on energy level were not significant (P < 0.05). In studies to deter- 
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Figure 3 


The Effect of Dietary Crude Protein and Energy 
on Average Daily Gain 
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mine the effects of castration and dietary protein level on growth in 
beef cattle, Robertson et al. (1970) found a significant reduction in 
gain due to castration. The change in rate of gain, due to different 
crude protein levels (11.5, 14.3 and 19.8 percent), in bulls compared 


to steers was not significant (P < 0.05) in their study. 


Utilization of Dry Matter, Crude Protein and Gross Energy for Weight Gain 


The efficiency of utilization of dry matter for weight gain was af- 
fected by the energy level. Dry matter consumed per kg gain was 4.7, 
4.0 and 4.1 kg for the low, medium and high energy groups, respectively 
(Table 3). The animals in the low energy group required 16 percent more 
dry matter per kg gain than the animals in the medium and high energy 
groups. This difference was statistically significant (P < 0.01). 

Protein level also affected the efficiency of dry matter utilization 
for weight gain. The animals on the low, medium and high sae Bale rations 
required 4.9, 4.0 and 3.8 kg dry matter per kg weight gain, respectively 
(Table 3). The animals in the Tow protein group required an average of 
26 percent more dry matter per kg gain than the animals in the medium and 
high protein groups. This difference was statistically significant (P < 0.01). 

The interaction between protein and energy levels on the efficiency 
of dry matter utilization (Table 3) was not significant (P < 0.05). 

Bulls and steers required 4.2 and 4.4 kg of dry matter per kg of 
gain, respectively. This difference was not significant (P< 0:05) 

The efficiency of utilization of gross energy for weight gain was 
significantly affected by energy intake (P < 0.05) and protein level 
(P < 0.01). Animals in the low energy group required an average of 13 
percent more gross energy per kg gain than animals in the medium and high 


energy groups (Table 3). The animals on low protein required an average 
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of 25 percent more energy per kg gain than the animals on the medium and 

high protein rations (Table 3). Gardner (1968) found that the efficiency 
of caloric utilization for weight gain was not significantly affected by 

protein levels varying from 12 to 16 percent crude protein. 

The interaction of protein and energy on the efficiency of energy 
utilization was not Hq AOD (P< 70505) 

The efficiency of utilization of crude protein for weight gain was. 
affected by the energy level. Animals in the low, medium and high energy 
groups consumed 675, 586 and 605 grams of crude protein per kg gain 
(Table 3). The animals on low energy consumed significantly more (P < 0.05) 
crude protein per kg gain than the animals on the medium and high energy 
diets. 

Increasing the protein level of the ration resulted in an increase 
in the protein pee ied per kg weight gain. Animals in the low, medium 
and high protein groups consumed 514, 605 and 747 g crude protein per kg 
gain (Table 3). All differences were significant (P < 0.05). Gardner 
(1968) also reported a significant increase in the protein used per unit 
weight gain with increasing protein levels in the ration. 

There was no significant interaction (P < 0.05) between protein and 
energy on the efficiency of protein utilization for weight gain (Table 3). 

There was no significant difference (P < 0.05) between the efficiency 
of protein utilization for weight gain for bulls versus steers. 

From these results it is evident that increasing energy intake re- 
sulted in an increase in daily weight gain regardless of the protein 
level being fed. Also, the efficiency of utilization of the ration dry 
matter, gross energy and crude protein for weight gain was higher at the 
high energy levels. Increasing the protein level of the ration from 8.95 


to 12.99 percent was effective in increasing liveweight gain and the eff- 
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iciency of utilization of dry matter and gross energy for weight gain. 
This effect of protein was evident regardless of the energy level being 
fed. Increasing the protein content of the ration from 12.99 to 17.02 
percent did not appreciably improve weight gain or the efficiency of 


utilization of dry matter and gross energy for weight gain. 


Coefficients of Apparent Digestibility and True Digestibility of Protein 


The average dry matter digestibility for all treatment groups was 
81 percent (Table 4). Increasing the energy intake or increasing the 
protein concentration of the ration did not have a significant effect 
(P < 0.05) on dry matter digestibility in this experiment. 

In studies with sheep, Andrews and Orskov (1970a) and Robinson et al. 
(1970) found no significant differences in dry matter digestibility with 
changes in energy intake. In both experiments, energy intake was altered 
by changing the daily dry matter consumption by a factor of metabolic 
weight. | 

Gordon and Forbes (1970), Kay Pane (1970) and Stone and Fontenot 
(1965) found that dry matter digestibility increased significantly with 
increasessineenergy intake in rations fed to cattie. These researchers 
increased the energy intake by increasing the energy concentration of 
the ration while holding dry matter intake constant. 

Several workers (Blaxter, 1967; McDonald et al., 1966 and Maynard 
and Loosli, 1969) have noted that dry matter digestibility is decreased 
with increasing dry matter intake of rations fed to ruminants. As there 
was no reduction in dry matter digestibility with increasing feed intake 
in the present experiment, nor in the experiments of Andrews and Orskov 
(1970a) and Robinson et al. (1970), it would appear that the increase in 


energy consumption had a beneficial effect on dry matter digestibility. 
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Table 4 


Coefficients of apparent digestibility and true protein digestibility (%) 


SS aS reese resi tS ss SS Ss SSS = Sapir nse nn pronase <euesinesenimensaesan 


Dietary crude protein level 
Energy level 8.95 12.99 17.02 


Average dry matter digestibility 


average 
low 77 83 83 81? 
medi um 80 82 83 g2° 
high 79 84 82 814 
average 79° 83° 82° 

Average apparent gross energy digestibility 

average 
low 76 | 82 81 80° 
medi um 79 81 82 81° 
high 77 80 8] ioe 
average whi 81° 81° &0 

Average apparent crude protein digestibility 

average 
low 6] 74 84 73° 
medium 69 78 83 1 
high 66 76 83 75 
average 652 76° 83° 75 

Average true protein digestibility! 

average 
low 88 93 97 aE 
medium 97 97 96 96. 
high 94 95 96 95 
average g30 95° 96° 95 


gees means of each treatment group followed by a common superscript are 


not significantly different (P < 0.01). 
metabolic fecal nitrogen was calculated as 2.811 g protein per 
100 g dry matter (Blaxter and Mitchel], 1948). 
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Gardner (1968) and Gordon and Forbes (1970) found no change in dry 
matter digestibility with changes in the protein concentration of rations- 
fed to dairy cattle. Average dry matter digestibility was not increased 
by increasing the protein level of rations fed to sheep (Andrews and 
Orskov, 1970). Kay et al. (1968) and Putnam (1966) found an increase in 
organic matter digestibility at higher levels of protein intake in rations 
fed to cattle. The rations used by Putnam (1966) were high in roughage 
concentration with dry matter digestibility coefficients of around 60 
percent. Rations fed by Kay et al. (1968) were very similar to those 
used in this experiment. All concentrate barley-based rations used by 
Kay et al.(1968) with crude protein levels of 11, 14 and 17 percent re- 
Sulted in dry matter digestibilities of 72, 78 and 81 percent respectively 
when fed to Friesian steers. The inconsistencies reported in the liter- 
ature regarding the response of dry matter digestibility to changes in 
the protein level of the ration indicates the involvement of other fac- 
tors, such as variations in the amount of roughage in the diet, which 
may influence dry matter digestibility to as great an extent as the var- 
iation in protein level. 

The apparent digestibility of gross energy was not significantly 
affected (P < 0.05) by the energy intake or the protein level of the 
rations fed in this experiment. The apparent digestibility of gross 
energy averaged 80 percent for the 9 treatment combinations (Table 4). 

Kay et al. (1970) and Stone and Fontenot (1965) found an increase 
in gross energy digestibility with increasing energy concentration of 
rations fed to cattle. Kay et al. (1970) and Putnam et al. (1966) 
found that gross energy digestibility increased with increasing protein 
level of the ration. Andrews and Orskov (1970) found an increase in 


gross energy digestibility with increasing protein intake at a high 
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feeding level. At medium and low levels of feed intake, their results 
showed no significant change (P < 0.05) in gross energy Hieeaeib tatty 
with changes in the protein level of the diet. Changes in the energy 
intake did not affect gross energy digestibility in their experiments. 

These variations in the response of apparent gross energy digesti- 
bility indicate that factors other than changes in the protein and en- 
ergy level of the diet may be involved. Rations used by Stone and 
Fontenot (1965) had a wide range of crude fibre levels. The high, 
medium and low energy diets contained 12, 17 and 23 percent crude fibre, 
respectively. The decreasing crude fibre content of the rations with 
increasing energy level may have been as responsible for the increase 
in gross energy digestibility as the increase in energy levels. The 
low protein rations used by Putnam et al. (1966) contained 17.0 percent 
crude fibre while the high protein rations contained 11.5 percent crude 
fibre. The difference in crude fibre content between the rations fed 
to the low and high protein groups may have been responsible for the 
higher gross energy digestibility associated with the higher protein 
group. 

In this experiment, there were no detectable significant differences 
(P < 0.05) in the apparent digestibility of crude protein caused by 
changes in energy intake. There was a significant increase (P < 0.01) 
in the apparent digestibility of crude protein with increasing protein 
level of the ration. Rations containing 8.95, 12.99 and 17.02 percent 
crude protein had apparent crude protein digestibilities of 65, 76 and 
83 percent, respectively (Table 4). The apparent digestibility of 
crude protein for animals on the low protein diet was significantly 


less (P < 0.01) than for animals on the medium or high protein diets. 
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The apparent digestibility of crude protein may increase with in- 
creasing crude protein intake even though the percentage of dietary pro- 
tein which is actually digested remains the ree Metabolic fecal nit- 
rogen is a function of feed intake. If feed intake remains cons tant, 
increasing the protein intake results in an increase in fecal nitrogen 
output. Since the metabolic fecal nitrogen fraction of the total fecal 
output does not increase, the apparent digestibility of the dietary 
crude protein will show an increase (Maynard and Loosli, 1969). Andrews 
and Orskov (1970), Gordon and Forbes (1970), Kay et al. (1968), Kay et 
al. (1970) and Putnam (1966) all found that increasing the dietary crude 
protein level of the ration increased the apparent digestibility co- 
efficients for crude protein. 

True protein digestibility did not increase significantly (P < 0.05) 
with increasing protein intake (Table 4). It appears that the dilution 
of metabolic fecal nitrogen with increasing protein intake, as discussed 
above, must have, at least in part, accounted for the significant increase 
in apparent digestibility of protein with the medium and high protein 
diets. 

In this experiment, there was no detectable improvement in the di- 
_gestibility of the rations due to increases in the energy intake or pro- 
tein level of the diet. All concentrate rations of the type used in 
this experiment are of a highly digestible nature. Thus the capacity 
of the animals digestive system or the rate of flow of digesta through 


the rumen would not be limiting factors to digestion in this experiment. 


Nitrogen Balance Data 
There was no significant increase (P < 0.05) in fecal nitrogen 


excretion of animals with increasing nitrogen intake (Table 5). There 
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Table 5 


Nitrogen balance data 
a A 
Protein level (%) 
Energy level 8.95 12.99 PNG 7EOZ 


an a ee i he le 
Nitrogen intake ( grams /day) 


average 
low | 56 97 137 cb fea 
medium 75 Ls 170 119 
high 85 14] 207 144° 
average rake 172 172° 120 
Fecal nitrogen (grams/day) 
| average 
low 22 25 22 23 
medium 23 Oat 30 26 | 
high 28 34 36 32 
average 244 282 304 27 
Urinary nitrogen (grams/day) 
average 
low 15 39 44 a5: 
medium 22 32 39 31, 
high 17 36 55 36 
average 18° 36° 46° 33 
Apparent Nitrogen retention (grams /day) 
average 
low 19 33 | 7] 41° 
medium 30 56 102 63. 
high 39 7] 117 76 
average 30° 53> 95° 60 
Nitrogen retained (as % of apparent digestible ni trogen) 
average 
low 57 47 60 BoE 
medium 61 65 72 66. 
high 7] 65 66 68 
average 63° 599 66° 63 
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was , woeier a significant increase (P <0.01) in the fecal nitrogen 
output of animals with each increase in the level of energy. This in- 
crease was probably due to an increase in the metabolic fecal nitrogen 
fraction caused by the increase in dry matter consumption associated 
with increasing energy intake. Stone and Fontenot (1965) found that 
total fecal nitrogen excretion values were similar for three levels of 
energy intake. These researchers increased energy intake by increasing 
the energy concentration of the diet and holding cons ump tion cons tant. 

Urinary nitrogen excretion of animals oi low, medium and high pro- 
tein intakes was 18, 36 and 46 grams per day, respectively (Table 5). 
These differences were not statistically significant (P < 0.05) due to 
the large variation in urinary nitrogen excretion within treatment 
groups. There were no statistically significant differences (P < 0.05) 
detectable in urinary nitrogen excretion due to changes in energy in- 
take. Robinson et al. (1970) found urinary nitrogen output was lower 
on the high compared to the low energy diet. They reasoned that this 
trend was accentuated by the lower intake of digestible crude protein 
by animals on the high energy diets. 

Apparent nitrogen retention was 41, 63 and 76 grams per day for 
animals on the low, medium and high energy levels, respectively (Table 5). 
These differences were not statistically significant (P < 0.05). An- 
imals on the low, medium and high protein diets had apparent nitrogen 
retention values of 30, 53 and 95 grams per day, respectively. These 
differences were statistically significant (P < 0.01). 

Lofgreen et al. (1951) showed that on a low protein intake, an 
increase in energy consumption resulted in a marked increase in the 
nitrogen retention of the growing calf. These researchers increased 


the energy consumption by increasing feed intake. The protein level was 
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held constant by lowering the protein concentration of the experimental 
rations. Gordon and Forbes (1970) presented data showing that the level 
of nitrogen retained was significantly increased by an increase in the 
energy level of diets fed to lactating cows. The level of protein in- 
take did not significantly affect nitrogen retention in their experi- 
ment. Matsushima et al. (1957) found no significant change in nitrogen 
retention due to varying levels of protein or energy intake. 

Comparisons of the response of nitrogen retention to different 
protein and energy levels as recorded in thal tite Mtrenrtua® be con- 
ducted with caution. If energy or protein levels are adjusted by 
changing the ration ingredients or their levels (as was done by Matsushima 
etfalk (1957)) there is a possibility of associative effects occurring 
between the ration components which are not directly related to the pro- 
tein or energy levels of the diets as was shown by Asplund and Harris 
(1971). If energy level is adjusted by changing the feed intake as was 
done by Lofgreen et al. (1951), the increase in dry matter consumption 
could increase the excretion of metabolic fecal nitrogen and consequently 
affect apparent nitrogen retention. 

The percent of apparent digestible nitrogen which was retained 
(Table 5) was not significantly affected by the protein levels used in 
this experiment. The efficiency with which digestible protein was re- 
tained by the animal increased from 55 to 68 percent for animals with 
low and high energy intakes, respectively. This increase was not sig- 
nificant due to the large variation in nitrogen retention of animals 


within treatment groups. 


Slaughter and Carcass Data 


The animals in this experiment were slaughtered after they had gained 
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75 to 150 kg. The average initial weight, slaughter weight, weight gains 
and days on feed for the 9 treatment groups are given in Table 6. There 
were no significant differences (P < 0.01) among the average initial 
weights or among the average slaughter weights of the animals in the 9 
treatment groups. The animals on the low energy and the low protein 
diets gained significantly less (P < 0.01) than the animals in the other 
treatment groups even though their feeding period was longer. 

Average initial weight, slaughter weight and weight gain was 193, 
322 and 129 kg, respectively, for bulls and 124, 233 and 109 kg, res- 
pectively, for steers. The average initial weight, slaughter weight 
and weight gain for bulls was significantly higher than for steers 
(P < 0.01). The feeding period for the steers was longer on the average 
than for bulls (129 days as compared to 109 days). 

The incidence of animals with abscessed livers was low in this 
trial. Two animals (7.4 percent) had abscessed livers. Their daily 
weight gain did not appear to be affected when compared to the gains 
of animals in similar treatment groups. Foster and Woods (1970), 

Harvey et al. (1968) and Roland (1970) reported the incidence of liver 
abscesses of animals slaughtered for beef. On the average, 22 to 33 
percent of the cattle Reacones by these authors had liver abscesses. 
They reported that the incidence was higher in cattle fed all-concen- 
trate rations than in cattle reared on diets containing roughage . 

All carcasses graded either Canada Manufacturing or Canada Utility 
(Class 1). There was an increase in the number of animals which graded 
Canada Utility in the high energy and high protein groups. Of the 9 
animals receiving high energy diets, 7 graded Canada Utility. Of the 
9 animals on the low energy diets, only 3 graded Canada Utility. Sim- 


ilar differences in grade were observed between animals on high and low 
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Table 6 


Protein level (%) 
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Average initial weight (kg) 
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Average slaughter weight (kg) 
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Average weight gain (kg) 
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are not statistically significantly different (P < 0.01). 
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protein diets. Six of the 9 animals on the high protein diets graded 
Canada Utility compared to 3 of the 9 animals on the low protein diets. 
Carcasses receiving the Canada Utility grade require a thicker, smooth- 
er and more evenly distributed fat cover than those which grade Canada 
Manufacturing (Canada Department of Agriculture, 1964). 

The dressing percentage, expressed as the warm carcass weight as a 
percent of liveweight, averaged 54 percent for all treatment groups. An- 
imals in the low, medium and high protein groups had average dressing 
percentages of 53, 55 and 55, respectively. Animals in the low protein 
groups had a significantly lower (P < 0.05) average dressing percentage 
than animals in the medium and high protein groups. The level of energy 
intake did not significantly affect the dressing percentage in this ex- 
periment (P < 0.05). There was no significant difference between the 
dressing percentage of bulls and steers in this experiment (P < 0.05). 

Robertson et al. (1970) fed rations containing 11, 15 and 20 per- 
cent crude protein to bulls and steers from 80 kg initial weight to 420 
kg slaughter weight. There was no significant difference in the dressing 
percentage between the three protein groups in their experiment. The 
steers in their experiment had a significantly higher (P < 0.01) dress- 
ing percentage than the bulls. Field (1971) and Hendrick et al. (1969) pre- 
sented data indicating that the dressing percentage for bulls and steers 


was Similar. 


Estimates of Separable Carcass Fat 


Several carcass parameters were measured in an attempt to establish 
whether there were differences in the fat and lean content of the carcasses. 
Differences in the amount of fat in the carcasses were indicated by measure- 
ments of kidney fat, separable fat of the 10th rib section, and average 


depth of fat cover over the longissimus dorsi muscle between the 11th and 
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12th ribs. 

The fat surrounding the right kidney and the pelvic fat from the 
right carcass side was extracted from the carcass at the time of slaught- 
er, weighed and recorded as kidney fat. There was an increase in kidney 
fat with increasing energy intake. Animals receiving low, medium and 
high energy diets had, on the average, 1.15, 1.26 and 1.38 kg of kidney 
fat, respectively (Table 7). These differences were not statistically 
significant (P < 0.05). Kidney fat showed the greatest response to in- 
creasing energy intake in the animals fed the low protein diets. Kid- 
ney fat of animals receiving medium and high protein diets increased 
very little with increasing energy consumption (Table 7). Animals re- 
ceiving low, medium and high protein diets had, on the average, 1.37, 
1.16 and 1.26 kg of kidney fat, respectively. These values were not 
significantly different (P < 0.05). 

Kidney fat has been used by several authors as an indirect esti- 
mate of the fat content of beef carcasses. Murphey et al. (1960) used per- 
cent kidney fat along with three other easily measurable carcass var- 
iables to estimate the percent of boneless retail cuts of beef car- 
casses. Percent kidney fat was negatively correlated with the percent 
of -bonelessSveranh cuts * rrizhugnier al. (1965) used the weight of 
kidney fat to develop prediction equations for the weight of boneless 
roast and steak meat in beef carcasses. They found that the relation 
between kidney fat weight and percent boneless roast and steak meat 
was negative and highly significant. This highly significant (P < 0.01) 
negative correlation (-.69) between kidney fat weight and the percent 
of boneless roast and steak meat was attributed to the close relation- 
ship between weight of kidney fat and total carcass fat. Epley et al. 


(1970) used kidney fat plus heart fat in prediction equations for per- 
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Table 7 


Carcass composition 


Energy level 
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are not significantly different (P < 0.05). 


means in the same group which are followed by a common superscript 


are not significantly different (P < 0.01). 
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cent retail cuts of beef carcasses. These aihors found that the weight 
of kidney fat plus heart fat was highly significantly correlated (-.69) 
to the percent primal retail cuts of the carcasses studied. The signi- 
ficance of this correlation was thought to be a result of the good es- 
timate of carcass fat provided by the weight of kidney fat plus heart 
fat. Moody et al. (1970) showed that the weight of the kidney knob was 
highly significantly correlated with the neioefit carcass fat (+.48) and 
the total carcass fat (+.51). 

It would appear, then, that the weight of kidney fat provides a 
good indication of the percent of separable fat in the carcass. Based 
on the weight of kidney fat of the animals used in this experiment, in- 
creasing the energy consumption increased fat deposition. This trend 
was more pronounced in animals receiving low protein diets than animals 
on the medium and high protein rations. Animals receiving low protein 
diets had a higher percent carcass fat than those on high protein diets. 
This trend was evident only in animals on the medium and high energy 
diets. These results are similar to those reported by other authors. 

In studies on the effect of protein level on carcass composition in beef 
cattle, Robertson et al. (1970) reported an increase in the carcass kid- 
ney fat in animals receiving an 11l-percent crude protein ration compared 
to those receiving rations containing 14 and 20 percent crude protein. 
Waldman et al. (1971) found that animals above 227 kg weight deposited 
fat at a greater rate than muscle when fed high energy levels however 
fat and muscle were deposited at similar rates in animals fed medium 
levels of energy. Norton et al. (1970) fed diets containing 12.0, 28.5 
and 45.5 percent crude protein to lambs. They found that as the protein 


content of the diet increased, the fat content of the gain decreased. 


Studies on the effect of dietary protein and feeding level on the body 
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composition of lambs (Andrews and Orskov, 1970b) revealed an increase in 
the deposition of body fat with increasing feeding level. There was also 
a decrease in the rate of fat deposition with increases in dietary crude 
protein; the effect being particularly marked at the high level of feed- 
ing. These trends in the fat content of carcass due to the effects of 
different protein and energy intakes are similar to those observed in 
this experiment wnen kidney fat was used as an indicator of carcass fat 
content. 

Rib separation data has been shown to be of value in judging carcass 
merit. Hankins and Howe (1946) used separable fat, lean and bone of the 
9-10-11 rib section to develop equations for predicting separable car- 
Cassels cient yBuschietial . (1968) evaluated the use of separable fat, 
lean and bone of the 9-10-11 rib section as a method of predicting the 
edible portion of beef carcasses. These authors found that the separ- 
able fat of Hie 9-10-11 rib section was highly negatively correlated with 
percent carcass lean. They concluded that the percent separable fat of 
the 9-10-11 rib cut is equivalent to estimated total carcass fat in pre- 
dicting the edible portion of beef carcasses. Crown and Damon (1960) 
found that the separable components of the 12th rib section were equally 
as effective in estimating carcass quality as the separable components 
of the 9-10-11 rib section. The calculated correlation coefficients 
between separable fat of the single rib section and separable fat of 
the 9-10-11 rib section was highly significant at 0.965. The correlation 
coefficient between separable fat of the single rib section and total 
separable fat of the carcass was also highly significant at +0.962. 
Percent separable fat of a single rib section appears to be a fair in- 
dicator of the percent separable fat of the total carcass. 

In this experiment, animals receiving low, medium and high protein 


rations had an average of 19.1, 18.8 and 16.9 percent separable fat res- 
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pectively, in the 10th rib section (Table 7). In the low protein group, 
animals receiving medium and high energy levels had a higher percent 
separable fat content in the 10th rib section than those on the low 
energy diet. In the medium and high protein groups, however, there was 
no increase in the fat content of the 10th rib section with increasing 
energy intake (Table 7). This trend is in agreement with that observed 
for weight of kidney fat. Differences in the percent separable fat con- 
tent of the 10th rib section due to changes in the energy or protein 
intake were not ire significant (P < 0.05). The 10th rib 
section from bulls contained an average of 17.7 percent separable fat 
compared to 19.5 percent in that from steers. These values were not 
Significantly different (P < 0.05). 

Epley et al. (1970) presented evidence indicating that the thick- 
ribs was highly significantly correlated with the percent trimmed retai| 
cuts (+0.71). There was a close relationship between subcutaneous fat 
thickness over the longissimus dorsi muscle and the percent separable 
fat of beef carcasses (Moody et al., 1970). 

The thickness of the fat layer over the longissimus dorsi muscle 
was measured between the 11th and 12th ribs. Three measurements were 
taken by a Canada Department of Agriculture government grader according 
to Canadian standards. The average of these three measurements was 
used to represent the fat thickness over the longissimus dorsi muscle 
between the 11th and 12th ribs. 

There was an increase in the thickness of the fat cover over the 
longissimus dorsi muscle with increasing energy intake. Animals consum- 
ing low, medium and high levels of energy had averages of 0.05, 0.08 


and 0.10 inches of fat cover, respectively. Animals on the low, medium 
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and high protein rations had averages of 0.06, 0.09 and 0.08 inches of 
fat over the longissimus dorsi muscle. 

The average fat thickness was sufficiently thin in all cases (be- 
low 0.2 inches) that it is questionable if the precision of the measur- 
| ing technique was adequate to detect quantitative differences. None of 
tne differences in fat thickness over the longissimus dorsi muscle be- 
tween different treatment groups were significant (P < 0.05). 

The trends in carcass fat content as indicated by kidney fat weight, 
percent separable fat of the 10th rib section, and fat thickness over 
the longissimus dorsi muscle were very similar. From these three indices, 
it appears that there was an increase in the percent of separable car- 
cass fat with increasing energy intake. This trend was more marked in 
animals receiving the low protein diet than in those receiving the med- 
ium and high protein levels. The animals on the low protein diets had 
a higher percent carcass fat than animals on the high protein diets. 
This trend was more evident in the animals on high and medium energy 
levels than in animals receiving low energy intake, as indicated by 
the weight of kidney fat and the percent separable fat of the 10th rib 


section. 


Estimates of Separable Carcass Lean 


The area of the longissimus dorsi muscle between the 11th and 12th 
rib and the percent separable lean in the 10th rib section were used to 
indicate differences in the amount of lean among carcasses from the 
different treatment groups. 

The averages of the area of the longissimus dorsi muscle between 
the 11th and 12th rib (rib-eye area) for the 9 treatment groups are given 


in Table 7. There was an increase in rib-eye area with increasing pro- 
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tein intake. Animals receiving the low, eth and high protein diets 
had rib-eye areas averaging 6.535 7.56 and 8.06 square inches, respect- 
ively. These values were significantly different (P< 0.01). The in- 
crease was more pronounced in animals receiving medium and high energy 
than in those fed the low energy diet. There was a slight increase in 
the rib-eye area with increasing energy intake. Average rib-eye areas 
of animals fed low, medium and high energy diets were 7.06, 7.39 and 
7.69 square inches, respectively. This increase was largely due to 

the increase in ciiare area of animals fed the high protein diets. The 
differences in rib-eye area due to different energy intakes were not sig- 
nificantly different (P < 0.05). The rib-eye area for bulls and steers 
averaged 8.10 and 5.94 square inches, respectively. Bulls had signi- 
ficantly larger rib-eye areas than steers (P < 0.01). 

The rib-eye area is one of the most widely used and easily available 
measurements for estimating the content of carcass lean (Bray et al., 1969). 
Buschvetwalan@|968)> Colesetpaleet1960)i, Epley et al. (1970), Fitzhugh 
et al. (1965), Hedrick et al. (1965) and Moody et al. (1970) reported 
correlation coefficients between the rib-eye area and the weight of sep- 
arable lean or edible portion of beef carcasses. Correlation coeffic- 
ients ranging from +°.43 to +°.70 were obtained by these authors. 11 
correlations were statistically significant (P < 0.01). However, cor- 
relations between rib-eye area and the percent of carcass lean were low 
and not significant. The major reason for the high correlation between 
longissimus dorsi area and the weight of carcass lean was their common 
correlation with carcass weight. Due to the wide range in slaughter 
weights of the animals in this experiment, the trends observed from 
average rib-eye areas were probable tore indicative of variations in 


carcass weight than percentage of separable carcass lean. 
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The average percentages of separable 18h ir cue UL rip Seceron 
for the 9 treatment groups are given in Table 7. There was an increase 
in the percent separable lean of the 10th rib section with increasing 
protein in the diet. Animals receiving low, medium and high protein 
diets had, on the average, 63.9, 64.0 and 66.0 percent separable lean, 
respectively. The increase was evident only in animals receiving med- 
ium and high energy. There was no increase in the percent separable 
lean with increasing protein in animals receiving low energy diets. 
Animals receiving low, medium and high energy diets had, on the aver- 
age, 64.5, 64.4 and 65.0 percent separable lean in the 10th rib section. 
Differences in the average percent separable lean among the 9 treatment 
groups were not significantly different (P < 0.05). Bulls and steers 
had an average of 65.7 and 62.5 percent separable lean in the 10th rib 
section, respectively. Bulls had a Sani eauilb: higher percent sep- 
arable lean than steers (P < 0.05). 

Crown and Damon (1960) presented data showing a highly significant 
correlation (+ .818) between separable lean of the 12th rib section and 
total carcass separable lean. Moody et al. (1970) found that the weight 
of the edible portion of the 9-10-11] rib section was highly signi ficant- 
ly correlated to the weight of edible meat in the ere ae) and 
to the percent of edible meat in the carcass (+.60). It would seem, then, 
that the percent separable lean of the 10th rib section provides a fair 
indication of the percent carcass lean. 

The changes in carcass lean content which occurred with varying 
levels of dietary protein, as indicated in this experiment by percent 
separable lean of the 10th rib section, are in close agreement with the © 
results of work done by Andrews and Orskov (1970b) and Norton et al. (1970). 


In studies with early weaned lambs, Andrews and Orskov (1970b) found an 
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increase-in the rate of protein deposition with increasing dietary crude 
protein. This effect was particularly marked at the high level of feed- 
ing. Norton et al. (1970) found that the body protein content of lambs 


increased as dietary protein increased. 


Chemical Analysis of Separable Fat and Lean 


Separable fat from the 10th rib section was analyzed for nitrogen 
and dry matter content. There was a decrease in the nitrogen content of 
the separable fat with increasing energy intake. Animals receiving the 
low, medium and high levels of energy had 2.77, 2.61 and 2.10 percent nit- 
rogen, respectively, in the separable fat of the 10th rib section (Table 8). 
On the average the animals receiving the high energy diets had a signi- 
ficantly lower (P < 0.05) percentage nitrogen in the separable fat of 
the 10th rib section than animals receiving medium or low energy diets. 
There was also a decrease in the nitrogen content of the separable fat 
with increasing protein level in the ration. Animals receiving low, med- 
ium and high protein diets had 2.61, 2.50 and 2.37 percent nitrogen, res- 
pectively in the separable fat of the 10th rib section. These values 
were not significantly different (P < 0.05). | 

There was an increase in the dry matter content of the fat with in- 
creasing energy consumption. This increase was evident at all three pro- 
tein levels. Animals fed low, medium and high energy diets had averages 
of 66.8, 69.1 and 72.6 percent dry matter in the separable fat. of the 
10th rib section, respectively (Table 8). These values were significantly 
different (P < 0 dees There were no detectable significant differences 
(P < 0.05) in the dry matter content of the separable fat due to diff- 
erent dietary protein levels. 


The separable lean of the 10th rib section was analyzed for ether 
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Chemical analysis of separable fat and lean (%) 
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extract, nitrogen and dry matter content. There was a decrease in the 
ether extract of the separable lean with increasing protein in the diet. 
Animals receiving low, medium and high protein diets had averages of 

17.2, 16.1 and 14.2 percent ether extract in the separable lean, res- 
pectively (Table 8). The decrease was evident only in animals on the 
medium and high energy diets. This trend is similar to that which occurr- 
ed in carcass fat content as indicated by weight of kidney fat and per- 
cent separable fat of the 10th rib section. There was no decrease in 
ether extract of the separable lean with increasing dietary protein in 
animals on the low energy diet. 

There was a slight increase in the percent nitrogen of the separable 
lean with increasing protein in the diet. This increase was evident only 
in animals receiving medium and high energy. Animals receiving low, med- 
ium and high sproveinidietswmhads: ‘on-sthe: averages 12 155) "12 78 “dndels.2 per= 
cent nitrogen in the separable lean of the 10th rib section, respectively 
(Table 8). These values were not significantly different (P < 0.05). 

_ Changes in the nitrogen content of the lean with different dietary energy 
levels were not significantly different (P < 0.05). Dry matter content 
of the lean averaged 25.2 percent. There were only slight differences 

in dry matter content of the lean between different treatment groups. 


None of the differences were statistically significant (P < 0.05). 
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Summary and onehee were 

Conclusions drawn from this study must be confined to particular 
parameters. Animals of a different weight range or age, rations with 
different levels of roughage, or feeding levels restricted to near main- 
tenance or below Fone enice levels ae result in different responses 
to changes in the dietary protein and energy levels. Different climatic 
conditions may alter the response to varying dietary protein and energy 
levels because of the differences in levels of activity and metabolic 
Processes associated with climatic change. Breed differences may also 
alter the optimal ratio of protein and energy due to different inherent 
growth patterns. 

The results in this study were obtained with Holstein bulls and 
steers with an average initial weight of 170 kg and an average slaught- 
er weight of 292 kg. The weights of individual animals ranged between 
93.25.tande390* Svkg liveweight (lowest to the highest weight over the 
feeding period). The rations were highly digestible, all-concentrate 
rations fed at above maintenance levels. 

In this experiment, increasing the energy intake (from 318 to 358 
and from 358 to 398 kcal GE/Wkg3/4/day) increased the rate of gain re- 
_gardless of the protein level being fed. The response to the highest 
energy level, however, was greater in animals receiving medium and high 
protein rations than in those receiving the low protein diets. It 
appears that with the ration containing 8.95 percent crude protein, low 
protein was a limiting factor at the high energy level. Under the con- 
ditions of this experiment, if low protein rations are fed (8.95 per- 
cent crude protein and supplying 8.26 g CP/Wkg3/4/day) there is little 
increase in the rate of gain brought about by increasing the energy in- 


take beyond the medium level (358 kcal GE/Wkg3/4/day) . 
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Increasing the protein intake (from 8.26 toll.99 and from 11.99 to 
15.71 g CP/Wkg3/4/day) increased the rate of gain regardless of the en- 
ergy level being fed. The response to the highest protein intake, how- 
ever, Was greater in animals receiving medium and high energy diets 
than in those receiving the low energy diet. It appears that with the 
energy level of 318 kcal GE/Wkg3/4/day, low energy was a limiting fac- 
tor at the high protein level. Under the conditions of this experiment, 
if low energy diets are fed (318 kcal GE/Wkg3/4/day) there is little 
Increase in rate of .gain brought about by increasing the protein in- 
take beyond the medium level (12.99 percent crude protein and supply- 
ing 11.999 CP/Wkg3/4/day) . | 

It is evident that the energy level must be considered in setting 
protein requirements for ruminant diets. Although there was no Sig- 
nificant increase in the rate of gain brought about by increasing the 
protein level to 17.2 percent dietary crude protein, a significant in- 
crease might have been obtained with this high protein level and the 
high energy diets, if more animals had been fed these diets. If rat- 
ions having a higher concentration of energy than those used in this 
experiment were fed ad libitum, there might be an advantage to increas- 
ing the dietary crude protein to levels above the medium level used in 
this experiment in order to achieve higher daily gains. 

The efficiency of utilization of the pation dry matter; gross en- 
ergy and crude protein for weight gain was highest at the high energy 
levels. Increasing the protein level of the ration from 8.95 to 12.99 
percent was effective in increasing the efficiency of utilization of 
dry matter and gross energy for weight gain. Increasing the protein 
level to 17.02 percent crude protein did not result in a further in- 


crease in the efficiency of dry matter and gross energy utilization. 
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From indices used to indicate Bee fatness, it appeared that 
there was an increase in the percent separable carcass fat with in- 
creasing energy intake. This observation is complemented by the in- 
crease in energy retention noted with increasing energy intake. This | 
increase was more marked in animals fed the low protein diet than in 
those receiving the medium and high protein diets. Animals on the low 
protein diet had a higher percent separable carcass fat than animals 
on the high protein diet. This trend was more evident in animals fed 
high and medium energy levels than in animals on the low energy diet. 

Indices used to evaluate carcass lenneee indicated that the per- 
cent of carcass lean followed trends opposite to those indicated for 
percent of carcass fat, as would be expected. There was an increase 
in the percent carcass lean with increasing dietary crude protein in- 
take. This observation is complemented by the increase in nitrogen 
retention noted with increasing protein intake. This increase was 
evident only in animals fed at the medium and high energy levels. 

There was a decrease in the percent ether extract and an increase 
in the percent nitrogen in the separable lean of the 10th rib section 
with increasing dietary protein intake. This may result from less 
intramuscular fat being deposited in animals being fed the high pro- 
tein rations. 

The tendency for increased energy intake to result in an increase 
in the proportion of carcass fat was more marked at tne low protein 
level. The tendency for increased protein intake to result in an in- 
crease in the proportion of carcass lean was more marked at the med- 
ium and high energy levels. Animals receiving the low protein diet 
seem to have channelled extra energy into fat storage while animals 


on the high protein diets appear to have utilized additional energy 
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for production of lean meat. 

Again it is evident that dietary protein levels for ruminants: can- 
not be set without consideration of the energy intake. Increasing the 
energy intake without increasing the protein level results in increased 
carcass fat content. Increasing the protein intake without increasing 
energy intake inhibits the maximization of carcass lean deposition. 
Factors affecting carcass composition will become more important con- 
Siderations in setting dietary protein levels as the estimation of 
carcass composition becomes a more widespread practice in the meat in- 
dus try. 

Bulls had a 43 percent higher daily gain and required 5 percent 
less dry matter per kg gain than the steers in this experiment. The 
carcasses from ake had a lower percent separable fat and a higher 
percent separable lean than steer carcasses. The different growth 
patterns for bulls compared to steers did not appear to result in 
different responses to the protein and energy levels used in this 


study. 
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Mean squares obtained by analysis of variance 


Variable 


Average daily gain 


Dry matter/kg gain 


Gross energy/kg gain 


Crude protein/kg/gain 


Source of 
Variation 


Sex 

Energy 

Sex X Energy 
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Sex X Protein 
Energy X Protein 
EGror 

Total 
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Energy 

Sex X Energy 
Protein 

Sex X Protein 
Energy X Protein 
Error 

Total 
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Energy 
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Protein 

Sex X Protein 
Energy X Protein 
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Energy 
Sex X Energy 
Protein 

Sex X Protein 
Energy X Protein 
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Degrees of 
freedom 


Mean 
Squares 
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24483. 
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Variable 


Apparent digestible dry 
matter (%) 


Apparent digestible 
gross energy (%) 


Apparent digestible 
crude protein (%) 


Nitrogen intake 
(grams /day) 


Haat 


Source of 
Variation 


Sex 

Energy 

Sex X Energy 
Protein 

Sex X Protein 
Energy X Protein 
Error 

Total 


Sex 

Energy 

vex 4 Energy 
Protein | 
Sex X Protein 
Energy X Protein 
Error 

Total 


Sex 

Energy 

Sex X Energy 
Protein 

Sex X Protein 
Energy X Protein 
Error 

Total 
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Sex X Energy 
Protein 

Sex X Protein 
Energy X Protein 
Error 
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Source of Degrees of Mean 
Variable Variation freedom Squares 
Fecal nitrogen Sex Z 9905.1 ie 
(grams / day ) Energy 2 lies pis aoe 
Sex X Energy 4 7VRss 
Protein 2 2010.5 
Sex X Protein 4 283.8 
Energy X Protein 4 69343 
Error 8 488.0 
Total 26 
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Kidney fat (kg) 
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Nitrogen content of 
separable fat (%) 


Dry matter content of 
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_-Vvi- 


Source of 
Variation 


Sex 

Energy 

sex X Energy 
Protein 

Sex X Protein 
Energy X Protein 
EGror 

Total 


Degrees of 
freedom 


oF PMH FH PLP 


Mean 


squares 


Sp) “ey feo) ey SS) Se 


.208 
.223 
“623 
sel) 
.126 
ay 
. 169 


ee 


a ae 


—— 


Go 


ae 


; At “fl 
“| Mae Bal) 


= 


aa | 
ig - | . 
ts rai y | 
i i! rt tf y, 7 > 4! a ay pra . 
ae fi ; \ (ih ifs \@ 
: i ) ee A 


Ww aie io 
at ‘ : ) 
ii wy eae Ling 
' . We i 
' on R - ’ aL 
i 7] F ‘ | ba 
Teer MO, AY, ey 


Ay . ae 
hua ce ghee 


, levis 
' J 


by 
iS D 4 
a . Ay C7 J Avy f 7 . ‘ 
‘ La (A eons / J & te 
he, AO Ge ae ane ; ales 4 Ae 
ae IG a Say yy Ts ene Ne , Lv bd ‘ te 
au ee aed , ey | hh aoe Be Aid + t + i ehh i cai)? 
ne Rel se aN Pyare) aN aS) HS ti ie san: 
te OE NS li A ide IE SRA eS an Bg Weary ate st 


% “a 
a Ce 
e) iP 


yin. 


